Approved For Release 2006/12/27 : CIA-RDP83M00171R001800120009-6

b ]

*GIVE THE BAMANAT TO THE NMONKEYS ALTHOUGH THEY ARE NOT RIPE
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*THE CONPUTER'S FLRAN HUST BE SENT 7, vE 1O GUIDING PRINCIPLES AND TO
#OISTURGHIG ANDIALTZS,  IT MUST GraGP LINCUISTIC REGULARITIES AND ALSO
*HAYUARDNESS . «1D100S ARE HETAPHORIC WRENCHES N THE MACHINERY.
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LE PROGRANIE U CALCULATELR DOIT ETRE SENSIBLE AUX  PRINCIPES
DIRECTAURS ET AUX ANOHALTES -PERTURBATRICES . IL DOIT COMPRENODRE LES
REGLILARITES LINGUISTIOUES ET AUSSI LE COMPORTEMENT CAPRICIEUX . LEa
IDINTISHES SOMT OE5 CLEFS METAPHORIQUES DANS LE MECANISHE . - '
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SOIEY) 61D (5 0T AFRAID) AVOIR  (DIROB™ Q PEURY) . (ETRE}) {CCxHUM
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TOUNTHINGY . HIL (C{THIS "HOW) ALSO (AUSSI)}) NIL)L .. {(IDIOMS ARE
SHETAPHORTC WURENCHTS) (EIL MIL NIL (CINDCLY) )Y 1 (((MUEH {NOTGRAIN
SIGHY) QoS (1AsC . IBIOTISNE))  ((PRES (BE BE)} ARE ((IS_OBJECT
- HURGEY) AYOLR (DIR03 0 FALN)  ((1S_OBJECT THIRSTY) AVOIR (DIROB @
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] 3 1 OMe i ictures
Wilks: A small machine translation system bascd on deep semantic strgc "

My own system constructs a semantic representation for small natural
language texts: the basic representation is*applied directly to the text

and can then be 'massaged’ by various forms of inference to become as deep

as 1s necessary for well defined tasks demonstrating understanding. It
is a uniform representation, in that information that might convenionally
be considered as syntactic, semantic, factual or inferential is well ex-
pressed within a single type of structure. The fundamental unit in the
construction of this meaning representation is the template, which is
intended to correspond to an intuitive notion of a basic message of
agent-action-object form. Templates are rigid format networks of more
basic building blocks called formulas, which correspond to senses of
individual words. In order to construct a complete text representation
templates are bound together by two kinds of higher level structures

called paraplates and inference rules. The templates themselves are

built up as the construction of the representation proceeds, but the
formulas, paraplates and inference rules are all present in the system at
the outset and each of these three types of pre-stored structure is ult-

imately constructed from an inventory of eighty semantic primitive elements,

and from functions and predicates ranging over those elements.

The system runs on-line as a package of LISP, MLISP and MLISP2 pro-
grams, taking as input small paragraphs of English, that can be made up by
the user from a vocabulary of about 600 word senses, and producing a good
French translation as output. This environment provides a pretty clear 4
test of language understanding, because French translations for everyday
prose are either right or wrong, and can be seen to be so, while at the same
time, the major difficulties of understanding programs - word sense ambig-
uity, case ambiguity, difficult pronoun reference, etc. - can all be rep-
resented within a machine translation environment by, for example, choosing
the words of the input sentence containing a pronoun reference difficulty
s0 that the possible alternative references have different genders in French.
In that way the French output makes quite clear whether or not the program
has made the correct inferences in order to understand what it is trans-
lating. The program is reasonably robust in actual performance, and will
even tolerate a certain amount of bad grammar in the input, since it does

not perform a syntax analysis in the conventional sense, but seeks message
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Typical input would be a sentence such as 'John lives out of town and
drinks his wine out of a bottle. He then throws the bottles out of the
window.' The program will produce French sentences with different output
for each of the three occurrences of 'out of', since it realises that they
function quite differently on the three occasions of use, and that the
difference must be reflected in the French. A sentence such as 'Give the
monkeys bananas although they are not ripe because they are very hungry'
produces a translation with different equivalents for the two occurrences
of 'they', because the system correctly realises, from what I shall describe
below as preference considerations, that the most sensible interpretation
is one in which the first 'they' refers to the bananas and the second to
the monkeys, and bananas and monkeys have different genders in French.
These two examples are dealt with in the 'basic mode' of the system.

(wilks 73a) In many‘cases it cannot resolve pronoun ambiguities by the
sort of straightforward 'preference considerations' used in the last example,
where, roughly speaking, 'ripeness' prefers to be predicated of plant-like
things, and hunger of animate things. Even in a sentence as simple as
*John drank the wine on the table and it was good', such considerations

are inadequate to resolve the ambiguity of 'it' between wine and table,
since both may be good things. In such cases, of inability to resolve
within its basic mode, the program deepens the representation of the text
so as to try and set up chains of inference that will reach, and so prefer,
only one of the possible referents. I will return to these processes in,
a moment, but first I shall give some brief description of the basic repre-
sentation set up for English.

For each sehse of a word in its dictionary the program sees a formula.
This is a tree structure of semantic primitives, and is to be interpreted
formally using dependency relations. The main element in any formula is
the rightmost, called its head, and that is the fundamental category to
which the formula belongs. In the formulas for actions, for example,
the head will always be one of the primitives PICK, CAUSE, CHANGE, FEEL,
HAVE, PLEASE, PAIR, SENSE, USE, WANT, TELL, BE, DO, FORCE, MOVE, WRAP,
THINK, FLOW, MAKE, DROP, STRIK, FUNC or ;{APN.
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Here is the tree structure for the action of drinking: L

(*ANI SUBJ) (SELF 1IN) ( (MOVE CAUSE)

(FLOW STUFF)
(THRU PART)

Once again, it is not necessary to explain the formalism in any detail,
to see that this sense of 'drink' is being expressed as a causing to move
a liquid object (FLOW STUFF) by an animate agent, into that same agent (con-
tainment case indicated by IN, and formula syntax identifies SELF with the
agent) and via (direction case) an aperture (THRU PART) of the agent.

Template structures, which actually_represent sentences and their
pérts are built up as networks of formulas like the one above. Templates
always consist of an agent node, and action node and an object node, and
other nodes that may depend on these. So, in building a template for
'‘John drinks wine', the whole of the above tree-formula for 'drinks' would
be placed at the central action node, another tree structure for 'John' at
the agent node and so on. The complexity of the system comes from the way
- in which the formulas, considered as active entities, dictate how other
places in the same template should be filled.

Thus, the 'drink' formula above can be thought of as an entity that
fits at a template action node, and seeks a liquid object, that is to say
a formula with (FLOW STUFF) as its right-most branch, to put at the object
node of the same template. This seeking is preferential, in that formulas
not satisfying that requirement will be accepted, but only if nothing
satisfactory can be found. The template finally established for a frag-
ment of text is the one in which the most foqulas have their preferences

satisfied. There is a general principle at work here, that the right
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interpretation 'says the least' in information-carrying terms. This
very simple device is able to do much 6f the work of a syntax and word-
sense ambiguity resolving program. For example, if the sentence had
been 'John drank a whole pitcher', the formula for the 'pitcher of liquid'
would have been preferred to that for the human, since the subformula
(FLOW STUFF) could be appropriately located within it.

A considerable amount of squeezing of this simple canonical form of
‘template is necessary to make it fit the complexity of language: texts
have to be fragmented initially; then, in fragments which are, say, pre-
positional phrases there is a dummy agent imposed, and the prepositional
- phrases there is a dummy agent imposed, and the prepositional formula
functions as a pseudo-action. There are special 'less preferred' orders
to deal with fragment; not in agent-action-object order, and so on.

when the local inferences have been done that set up the agent-action~
object templates for fragments of input text, the system attempts to tie
these templates together so as to provide an overall initial structure for
the input. One form of this is the anaphora tie, of the sort discussed for
the monkeys and bananas example above, but'the more general form is tﬁe case
tie, Assignment of these would result in the template for the last clause
of 'He ran the mile in a paper bag' being tied to the action node of the
template for the first clause ('He ran the mile'), and the tie being labelled
CONTainment. These case ties are made with the aid of another class of
ordered structures, essentially equivalent to Fillmore's case frames, called
paraplates and which are attached to the formulas for English prepositions.
So, fof 'outof’, for example, there would be at least six ordered paraplates,
each of which is a string of functions that seek inside templates for inform-
ation, In general, paraplates range across two, not necessarily contiguous,
templates. So, in analysing 'He put the number he thought of in the table',
the successfully matching paraplate would pin down the dependence of the
template for the last of the three clauses as DIREction, by taking as argu-
ment only that particular template for the last clause that contained the

formula for 'a numerical table', (and not a template representing a kitchen
table) and it would do that because of a.function in that paraplate seeking
a similarity of head (SIGN in this case) between the two appropriate object
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formulas, for 'number' and 'table'. The other template containing the
'furniture' formula for 'table' would naturally not satisfy the function
because SIGN would not be the head of this sense formula for 'table’.

The structure of mutually connected templates that has been put to-
gether thus far constitutes a 'semantic block', and, if it can be con-
structed, then as far as the system is concerned all semantic and refer-
ential ambiguity has been resolved and it will begin to generate French
by unwrapping the block-again. The generation aspects of this work have
been described in (Herskovits '73). One aspect of the general notion of
preference is that the system should never construct a deeper or more
elaborate semantic representation than is necessary for the task in hand
and, if the initial block can be constructed and a generation of French
done, no 'deepening' of the representation will be attempted.

However, many examples cannot be resolved by the methods of this
'basic mode' and, in particular, if a word sense ambiguity, or pronoun
reference, is still unresolved, then a unique semantic block of templates
cannot be constructed and the 'extended mode® will be entered.* In this
mode, new template-like forms are extracted from existing ones, and then
added to the template pool from which further inferences can be made. So,
in the template derived earlier for 'John drinks wine', the system enters
~ the formula for 'drinks', and draws inferences corresponding to each case
sub-formula. In this example it will derive template-like forms equivalent
to, in ordinary English, 'The wine is in John', 'The wine entered John via
an aperture' and so on. The extracted templates express information al-
ready implicitly present in the text, even though many of them are partial
inferences: ones that may not necessarily be true.

Common-sense inference rules are then brought down, which attempt, by
a simple strategy, to construct the shortest possible chain of rule-linked
template forms from one containing an ambiguous pronoun, say, to one con-
taining one of its possible referents. Such a chain then constitutes a
solution to the ambiguity problem, and the preference approach assumes that
the shortest chain is always the right one. So, in the case of 'John drank
the wine /on the table/ and it was good', (in three template-matching frag-
ments as shown) the correct chain to 'wine' uses the two rules
* WilksAdgtvedahdar Releasae;2906/12/27 - CIA-RDP83M00171R001800120009-6
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Il. ((*ANI 1) ((SELF IN) (MOVE CAUSE)) (*REAL 2)) =+ (l(*JUDG) 2)
‘ or, in 'semi-English', . '
[animate-1 cause-to-move-in-self real-object-2] + [1 *judges 2]
I 2, (1 BE (GOOD KIND)) <=+ ((*ANI 2) WANT 1)
or, again, '
[1 is good] ++ [animate-2 wants 1]

These rules are only partial, that is to say, they correspond only
to what we may reasonably look out'for in a given situation, not to what
MUST happen.. The hypothesis here is that understanding can only take
place on the basis of simple rules that are confixmed by the context of
application. In this example the chain constructed may be expressed as
(using the above square bracket notation to contain not a representation,

but simply an indication, in English, of the template contents):

.| - [John drank the-winel Template 1
fo;zzfds [John causes-to-move-in-self winel & Template 1
. [dohn * judges wine) by I 1.
backwards [John wants ’wineJ & line above
{nf. [wine is , ~ goodl by I 2.
[?it is  good] Template 3

The assumption here is that no chain using other inference rules could have
reached the 'table' solution by using less than two rules.

The chief drawback of this system is that codings consisting entirely
of primitives have a considerable amount of both vagueness and redundancy.
For example, no reasonable coding in terms of structured primitives could
be expected to distinguish, say, 'hammer' and 'mallet', That may not
matter provided the codings can distinguish importantly different senses of
words. Again, a template for the sentente 'The sheperd tended his flock'
would contain considerable repetition, each node of the template trying,
as it were, to tell the whole story by itself. Again, the preference
criteria are not in any way weighted, which might seem a drawback, and
the preferential chain-length criterion for inference chains might well

seem too crude. Whether or not such a system can remain stable with a

considerable vocabulary, of say several thousand words, has yet to be

d.
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FIGURES

On the next sheet is a full template---a simple one for "John shut the door"

consisting of enly three formlas,

On the following sheets are (rather feint) xeroxes of system output---the
first resolves two "they" s into different French pronouns and the second deals

with a simple metaphor,

.The basic references from the text of the handout are:

Wilks,Y,,An intelligent Analyzer and Understander of English, Commnications of the

A,CM. , 1975
and,on the gencrative aspects of the program,
Herskovits,A, The Generation of French from a Semantic Structure, Memo No, 212

Stanford Artificial Intelligence Lab, 41973,

Note:the large blocks of code at the bottom of the computer output sheets are
"semantic blocks"(Q.V. in text): compressed forms of templates as on the

next sheet,plus ties between .uch templates,plus the French generative

grammar (i,e,rrench words,phrases,vhole forms of verbs if irregilar,and patterns

dictating the French output are all indide this "block",
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